Inventory of Supplementary Material
Figure S1: This figure brings in more details for the mutations that rendered Sog processing sites uncleavable. It shows the Western blot analyses for the processing of Sog-2u, and Sog-D1E mutant variants. Further, this figure shows the wing phenotype observed when Sog-u is over-expressed alone, a phenotype that is enhanced when Sog-u is co-over-expressed with Tlr, during development of the wing disk.
Figure S2: This figure shows more analyses and mutations that rendered Sog independent of the BMP co-substrate for processing by Tld. It shows the alignment of the catalytic domains of Drosophila Tld and Tlr with available crystal structures of the human enzymes (BMP-1 and Tll). It shows the Western blot analyses for the processing of Sog variants where processing sites have been replaced with the Chordin sequences, or with other residues as indicated.
Figure S3: This figure shows several control and additional data that underlie the experiments presented in Figure 3 of the main text. First, it illustrates the differences in the sog hypomorphic alleles used in this study. Second, this figure shows that the HA-tag, used to monitor the rescue transgenes, did not affect the efficiency of rescue. Third, this figure shows comparisons of the P-Mad slopes in the wild-type and sog-i and sog heterozygous embryos. Figure S4 : This figure continues the copy-number analysis that is illustrated by Figure 4 of the main text. Here, we show that a single-copy of the sog-i rescue construct is insufficient to support proper formation of the step-gradient.
Supplemental Experimental Methods: The supplemental methods provide details about the fly stocks and molecular constructs used in this study. Also, details are provided to describe the methods used to produce and purify proteins. Lastly, details are provided to describe the computational and statistical methods used to analyze the data. 
Supplemental Experimental Procedures
Fly Stocks sog YL26 and sog U2 are homozygous lethal alleles (Ferguson and Fangman, 1992; Francois et al., 1994) and were obtained from Edwin Ferguson and from the Bloomington Stock Center. The A9-Gal4 driver expresses Gal4 throughout the wing pouch and has been described previously (Haerry et al., 1998) . The UAS-sog-HA (7A3), , and UAS-tlr-HA (2) flies have been described previously (Ross et al., 2001; Serpe et al., 2005) . The UAS-sog-u (3A2) flies have both Sog processing sites 1 and 2 modified to Alanines. The other sog constructs were generated by insertion of the sog lateral stripe enhancer and sog cDNA flanked by endogenous 5' and 3'UTR sequences into a pPelican based vector (Barolo et al., 2000; Markstein et al., 2002) . Germline transformation of these constructs was performed according to standard protocols. The lines used in this study are: a) for Sog-wt without a tag, line sog-wt-EP18-1; b) for Sog-wt-HA, lines sog-HA-EP1-2 and sog-HA-EP2-3; and c) for Sog-i-HA, lines sog-1,2i-HA-EP1-1 and sog-1,2i-HA-EP1-2.
Molecular Constructs
The plasmids for tissue culture transfections, Dpp-Flag, Scw-HA, Tsg-His, Sog-Myc, Tld-HA, Tlr-HA, and Mad-Flag, were described previously (Ross et al., 2001; Serpe et al., 2005; Shimmi and O'Connor, 2003) . The changes at the Tld processing sites in Sog-Myc constructs were introduced by sitedirected mutagenesis (QuickChange, Stratagene), and were verified by sequencing. The corresponding UAS-sog-HA plasmids were generated by exchanging the endogenous MluI fragment with the modified ones. All tagged proteins were placed in pRmHaI (Bunch et al., 1988) for transfections into S2 cells, and in pUAST (Brand and Perrimon, 1993) to generate transgenic lines.
The constructs for expressing the Sog variants in the lateral stripe of early embryos were generated by assembling several DNA sequences. First, a minimal sog promoter containing the TATA box (chromosome X coordinates: 15521175-15519888) was PCR amplified and Topo-cloned. Upstream of it, the Sog lateral stripe enhancer (NotI/SpeI filled fragment from pGEM-Teasy (Markstein et al., 2002) ), was introduced at the EcoRV site. Two sequences for the sog 3'UTR, both extending up to chromosome X coordinates 15498420, were PCR amplified: the first one introduced a SalI site downstream of the sog stop codon, the second one contained the endogenous C-terminal sog ORF sequence, including an MluI site. For the HA-tagged Sog transgenes, the sog-Flag/HA ORF SpeI/SalI fragment from pMBO1963 (Marques et al., 1997) was placed in between the enhancer-promoter and the SalI-containing 3'UTR. For the non-tagged Sog transgenes, the sog ORF SpeI/MluI (partial digestion) fragment was placed in between the enhancer-promoter and the MluI containing the 3'UTR. Finally, both enhancer-promoter-sog-3'UTR assemblies (Asp718/XbaI) were subcloned into a modified pPelican vector (pPelican-lacZ previously digested with NheI/SpeI and re-ligated). The sog-i-HA constructs were further generated by exchanging the MluI fragments with ones containing the modified processing sites.
Protein Production, Purification and Analysis
Drosophila S2 cells were used for producing recombinant proteins as described previously (Shimmi and O'Connor, 2003) . The cleared supernatant (conditioned medium) was used directly for protein purification, in vitro cleavage assays, and Western blotting.
For the purification of Sog intermediate processing products, S2 cells were co-transfected with the following plasmids: Sog-Myc (1μg/ml), Dpp-Flag (0.1μg/ml), and Tld-HA or Tlr-HA (0.5μg/ml). The cleared supernatant was buffered to a final of 50 mM MES pH 6.0, concentrated by binding on SSepharose and eluted in a salt gradient. The fractions containing various Sog intermediates were pooled together and dialyzed overnight at 4°C against 50 mM Tris-HCl, pH 7.5, in dialysis bags that also contained an anti-c-Myc antibody (9E10) agarose conjugated. The beads were then collected, washed with ice-cold PBS and eluted with non-reducing SDS-loading buffer to prevent the dissociation of antibodies from matrix. Prior to electrophoresis ß-mercaptoethanol was added to the samples. The Sog-Myc fragments transferred to PVDF were visualized with Ponceau, isolated and analyzed by N-terminal Edman sequencing at the Mass Spectrometry and Proteomics Laboratory, Harvard University.
Protein samples were separated by SDS-Page on 4-12% NuPAGE gels (Invitrogen) and transferred onto PVDF membranes (Millipore). Primary antibodies were used at the following dilutions: anti-HA 3F10 (Roche) 1:1000, anti-Myc A14 (Santa Cruz) 1:1000, anti-Flag M2 (Sigma) 1:2000, and anti P-Smad1/5 41D10 (Cell Signaling), 1:1000. Immune complexes were visualized using secondary antibodies coupled with IR-Dye 700 or IR-Dye 800 followed by scanning with the Odyssey Infrared Imaging System (Li-cor Biosciences).
For in vitro cleavage assays, mixtures of proteins were incubated for the indicated times at 25°C in the presence of reaction buffer (20 mM Tris-HCL, pH 7.4, 150 mM NaCl, 2.5 mM CaCl 2 , 1 M ZnCl 2, and Complete™ EDTA-free protease inhibitor cocktail (Roche)).
For Sog-Dpp co-immunoprecipitations, equivalent amounts of S-Sepharose concentrated SogMyc or Sog-i-Myc were mixed with Dpp-Flag or Dpp-Flag/Scw-HA and Tsg-His for 1 hour at room temperature in a final volume of 250 l. The mixtures were diluted with an equal volume of 0.4% BSA in mock conditioned media, followed by immunoprecipitation at 4°C overnight with anti-Flag M2 Affinity Gel (Sigma). The samples were washed five times in ice-cold PBS and analyzed as above.
A cell-based assay for BMP signaling was described previously (Ross et al., 2001) . In brief, S2 cells were transfected with Mad-Flag. Three days after transfection, cells were split and incubated for 2 hours with Dpp alone or Dpp pre-incubated with Sog or Sog-i and Tsg-His as indicated. Cell pellets were then collected and disrupted by boiling in SDS-loading buffer followed by centrifugation, and the clarified supernatant was analyzed by Western blotting.
Mathematical Modeling Methods
The extracellular patterning network was converted to a set of partial differential equations corresponding to a mass balance equation for each species.
The equations are modified from those already published (Umulis et al., 2010) by the inclusion of terms for BMP-independent cleavage of Sog. The species in the model include B (BMP), S (Sog), T (Tsg), I (Sog-Tsg complex), IB (Sog-Tsg-BMP complex), C (Cv-2 or other non-receptor), BC (BMP-C complex), BCR (BMP-C-receptor complex), BR (BMP-Receptor complex), R tot (total number of receptors). D i corresponds to the diffusion coefficient for species i, k +/-i corresponds to forward and reverse binding reactions, i corresponds to secretion of species i, and 1 correspond to the Tld processing rate for BMP dependent and BMP independent processing respectively. i is the decay rate of protein i, and the , K H , and terms correspond to the positive feedback of C in response to BMP signaling. Parameter values are shown in Table S1 .
Specific rates for BMP-independent processing of Sog were estimated from Western Blots presented in main text.
Equations were solved via the finite element method in a combined Comsol/Matlab script. Local optimization was performed using steepest descent methods (Matlab optimization toolbox) by minimizing a squared residual error between the orthogonal projection of the 3d model against the image data ( Figure  3 ).
Statistical Analysis
A one-way Analysis of Variance followed by Tukey's HSD test was used to assess statistically significant differences among the genotypes. Differences were considered significant at p < 0.05. 
